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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for adjusting characteristics 
capable of realizing desired characteristics with ease in a composite material 
vibrator in which downsizing and cost reduction are achieved. 
SOLUTION: The composite material vibrator 1 is configured that supporting 
members 5, 6 are coupled to a piezoelectric resonator 2 acting as a vibrating 
member through reflection layers 3, 4, an acoustic impedance value Z2 of the 
reflection layers 3, 4 is set to be smaller than the acoustic impedance values Z1 , 
Z3 of the piezoelectric resonator 2, and the supporting members 5, 6; and that 
the vibration from the piezoelectric resonator 2 acting as the vibration member is 
reflected at interfaces between the reflection layers 3, 4 and the supporting 
members 5, 6. In the method for adjusting the characteristics of the composite 
material vibrator 1 , the characteristics of the composite material vibrator 1 is 
adjusted by changing the materials of the reflection layers 3, 4. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

The oscillating member which consists of an ingredient which has the 1st 
acoustic-impedance value Z1 , and serves as an oscillating generation source, 
The reflecting layer which consisted of an ingredient which has the 2nd acoustic- 
impedance value Z2 lower than the 1st acoustic-impedance value Z1 , and was 
connected with the oscillating member, 

The side with which it becomes from the ingredient which has the 3rd bigger 
acoustic-impedance value Z3 than said 2nd acoustic-impedance value Z2, and 
said oscillating member of said reflecting layer is connected is the property 
adjustment approach of the composite-material rocking equipment constituted so 
that vibration which was equipped with the attachment component connected 



with the opposite side, and has been spread from the oscillating member to the 
reflecting layer in the interface of a reflecting layer and an attachment component 
may be reflected, 

The property adjustment approach of the composite-material rocking equipment 
characterized by adjusting the property of composite-material rocking equipment 
by changing the quality of the material of said reflecting layer. 
[Claim 2] 

The property adjustment approach of the composite-material rocking equipment 
according to claim 1 characterized by adjusting the frequency temperature 
characteristic in said composite-material rocking equipment by the temperature 
characteristic of the Young's modulus of the ingredient which constitutes said 
reflecting layer. 
[Claim 3] 

The property adjustment approach of the composite-material rocking equipment 
according to claim 1 or 2 characterized by adjusting the initial property and/or the 
temperature characteristic of said composite-material rocking equipment by 
preparing an opening in said reflecting layer. 
[Claim 4] 

The property adjustment approach of composite-material rocking equipment 
according to claim 3 of establishing an opening in said reflecting layer by making 
said reflecting layer containing a particulate matter in the air. 
[Claim 5] 

The property adjustment approach of the composite-material rocking equipment 
according to claim 1 characterized by adjusting the initial property and/or the 
temperature characteristic of composite-material rocking equipment by making 
said reflecting layer contain a particulate matter with low consistency and 
Young's modulus compared with the ingredient which constitutes a reflecting 
layer. 
[Claim 6] 

The property adjustment approach of composite-material rocking equipment 



according to claim 1 to 5 that said oscillating member is an electric machine joint 
sensing element. 
[Claim 7] 

The property adjustment approach of composite-material rocking equipment 
according to claim 6 that said electric machine joint sensing element is a 
piezoelectric device or an electrostriction component. 
[Claim 8] 

The property adjustment approach of the composite-material rocking equipment 
according to claim 1 to 7 which consists of an ingredient with which said 
reflecting layer has an adhesive property. 
[Claim 9] 

Composite-material rocking equipment to which the property is adjusted by the 
property adjustment approach of composite-material rocking equipment 
according to claim 1 to 8. 
[Claim 10] 

The oscillating member which consists of an ingredient which has the 1st 
acoustic-impedance value Z1, and serves as an oscillating generation source, 
The reflecting layer which consisted of an ingredient which has the 2nd acoustic- 
impedance value Z2 lower than the 1st acoustic-impedance value Z1 , and was 
connected with the oscillating member, 

It consists of an ingredient which has the 3rd bigger acoustic-impedance value 
Z3 than said 2nd acoustic-impedance value Z2, and with the side with which said 
oscillating member of said reflecting layer is connected, it has the attachment 
component connected with the opposite side, and it is constituted so that 
vibration spread from the oscillating member to the reflecting layer in the 
interface of a reflecting layer and an attachment component may be reflected, 
Composite-material rocking equipment characterized by preparing an opening in 
said reflecting layer. 
[Claim 11] 

The oscillating member which consists of an ingredient which has the 1st 



acoustic-impedance value Z1, and serves as an oscillating generation source, 
The reflecting layer which consisted of an ingredient which has the 2nd acoustic- 
impedance value Z2 lower than the 1st acoustic-impedance value Z1 , and was 
connected with the oscillating member, 

It consists of an ingredient which has the 3rd bigger acoustic-impedance value 
Z3 than said 2nd acoustic-impedance value Z2, and with the side with which said 
oscillating member of said reflecting layer is connected, it has the attachment 
component connected with the opposite side, and it is constituted so that 
vibration spread from the oscillating member to the reflecting layer in the 
interface of a reflecting layer and an attachment component may be reflected, 
Composite-material rocking equipment characterized by making said reflecting 
layer contain a particulate matter in the air. 
[Claim 12] 

Composite-material rocking equipment according to claim 10 or 1 1 characterized 
by consisting of an ingredient with which said reflecting layer has an adhesive 
property. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the composite-material rocking equipment with which 
two or more ingredient layers from which an acoustic impedance differs in 
oscillating members, such as a piezoelectric device, are connected, concerning 
the property adjustment approach of composite-material rocking equipment that 
two or more ingredient parts from which an acoustic impedance differs were 
combined, and this composite-material rocking equipment. 
[0002] 

[Description of the Prior Art] 

Conventionally, the thing of the structure of a piezo-electric oscillating component 
which carried out the laminating of the case substrate up and down is widely 
used as piezo-electric resonance components which constitute a piezo resonator 
and a piezo-electric filter. In this case, the space for not barring vibration of the 
piezo-electric oscillating section of a piezoelectric device must be formed in a 
layered product. Therefore, in carrying out the laminating of the case substrate to 
the approach of forming the crevice for forming a cavity in the field by the side of 
the piezoelectric device of the case substrate by which a laminating is carried out, 
or a piezoelectric device, in order to form a cavity, the approach of making it into 
the field except a cavity etc. was used for adhesives spreading area. 
[0003] 

As mentioned above, with the piezo-electric resonance components of the 
conventional laminating mold, the cavity for not barring vibration of the piezo- 
electric oscillating section had to be formed, therefore the miniaturization was 
difficult. Moreover, it was difficult to reduce cost. 
[0004] 

On the other hand, the bulk mold acoustic wave filter of the laminated structure 
which does not have a cavity is indicated by the following patent reference 1. As 
shown in drawing 10 , the piezo-electric filter consists of bulk mold acoustic wave 



filters 21 1 by carrying out the laminating of many film on a substrate 212. 
[0005] 

That is, the piezo-electric layer 213 is formed into this laminated structure, the 
laminating of the electrode 214,215 is carried out to the top face and inferior 
surface of tongue of the piezo-electric layer 213, and the piezo resonator is 
constituted. 
[0006] 

carrying out the laminating of the film, such as silicon and polish recon, to the 
inferior surface of tongue of the above-mentioned piezo resonator - the upper 
layer 216 and a middle lamella -- the sound mirror 219 of a laminated structure 
which consists of 217 and a lower layer 218 is constituted. Moreover, the 
laminating of the sound mirror 220 which has the same laminated structure is 
carried out also to the top face of a piezo resonator, and the passivation film 221 
as a protective coat is formed in it on this sound mirror 220. 
[0007] 

the above-mentioned sound mirror 219 ~ a middle lamella -- the acoustic 
impedance of 217 is made higher than the acoustic impedance of the upper layer 
216 and a lower layer 218. In the sound mirror 220, the medium-rise acoustic 
impedance is similarly made higher than the upper layer and a lower layer 
acoustic impedance. 
[0008] 

With the above-mentioned bulk mold acoustic wave filter 211, vibration spread 
from the piezo resonator is reflected in a piezo-resonator side by carrying out the 
laminating of the sound mirror 219,220 to a piezo-resonator part. Therefore, it 
can hold mechanically using a substrate 212, without affecting the resonance 
characteristic of a piezo-resonator part. 
[0009] 

[Patent reference 1] 

JP,10-270979,A 

[0010] 



[Problem(s) to be Solved by the Invention] 

although the sound mirror 219,220 consists of bulk mold acoustic wave filters 
21 1 shown in drawing 10 so that vibration spread from the piezo-resonator side 
may be reflected -- each sound mirror 219,220 ~ respectively -- a middle lamella 
-- it comes to carry out the laminating of the upper layer and the lower layer up 
and down, and the medium-rise acoustic impedance is made higher than the 
upper layer and a lower layer acoustic impedance. Therefore, although the 
laminating of many ingredient layers must be carried out as a sound mirror 
219,220 and formation of a cavity can be omitted, in order to have to carry out 
the laminating of many ingredient layers with the bulk mold acoustic wave filter 
21 1 , a miniaturization, especially the reduction in the back were difficult. 
Moreover, the production process was also complicated. 
[0011] 

Furthermore, with the above-mentioned bulk mold acoustic wave filter 21 1 , 
although side vibration of a piezo resonator spread, the problem of deteriorating 
according to maintenance structure also had the resonance characteristic of a 
piezo resonator by dumping vibration spread by turns in the side part of a piezo 
resonator, therefore fixing the side of a piezo-resonator part. 
[0012] 

Moreover, it not only has the complicated structure mentioned above, but 
adjusting the property, for example, the temperature characteristic etc., is not 
shown by the above-mentioned bulk mold acoustic wave filter 211. 
[0013] 

The purpose of this invention cancels the fault of the above-mentioned 
conventional technique, it can support it, without having most effects on the 
oscillation characteristic of an oscillating member with comparatively easy 
structure, and is for a miniaturization to offer the property adjustment approach of 
easy composite-material rocking equipment, and such composite-material 
rocking equipment. 
[0014] 



[Means for Solving the Problem] 

The property adjustment approach of the composite-material rocking equipment 
concerning this invention The oscillating member which consists of an ingredient 
which has the 1st acoustic-impedance value Z1, and serves as an oscillating 
generation source, The reflecting layer which consisted of an ingredient which 
has the 2nd acoustic-impedance value Z2 lower than the 1st acoustic-impedance 
value Z1 , and was connected with the oscillating member, It consists of an 
ingredient which has the 3rd bigger acoustic-impedance value Z3 than said 2nd 
acoustic-impedance value Z2. It has the attachment component connected with 
the side with which said oscillating member of said reflecting layer is connected 
in the opposite side. It is the property adjustment approach of the composite- 
material rocking equipment constituted so that vibration spread from the 
oscillating member to the reflecting layer in the interface of a reflecting layer and 
an attachment component may be reflected, and is characterized by adjusting 
the property of composite-material rocking equipment by changing the quality of 
the material of said reflecting layer. 
[0015] 

That is, by the property adjustment approach of the composite-material rocking 
equipment concerning this invention, a property is adjusted by changing the 
quality of the material of the above-mentioned reflecting layer. The quality of the 
material of such a reflecting layer is changed, and various gestalten are 
mentioned as a gestalt which adjusts a property. 
[0016] 

On a specific aspect of affairs with the property adjustment approach concerning 
this invention, the frequency temperature characteristic in said composite- 
material rocking equipment is adjusted by the temperature characteristic of the 
Young's modulus of the ingredient which constitutes said reflecting layer. 
[0017] 

On another specific aspect of affairs of this invention, the initial property and/or 
the temperature characteristic of said composite-material rocking equipment are 



adjusted by preparing an opening in said reflecting layer. 

On the more restrictive aspect of affairs of the property adjustment approach of 

this invention, the opening in the above-mentioned reflecting layer is prepared by 

making a reflecting layer contain a particulate matter in the air. 

[0018] 

On still more nearly another specific aspect of affairs of the property adjustment 
approach concerning this invention, the initial property and/or the temperature 
characteristic of composite-material rocking equipment are adjusted by making 
said reflecting layer contain a particulate matter with low consistency and 
Young's modulus compared with the ingredient which constitutes a reflecting 
layer. 
[0019] 

By the property adjustment approach concerning this invention, although not 
limited especially as an oscillating member, an electric machine joint sensing 
element is used suitably, for example, a piezoelectric device, an electrostriction 
component, etc. are used. 
[0020] 

On another specific aspect of affairs, it becomes the property adjustment 
approach pan concerning this invention from the ingredient with which a 
reflecting layer has an adhesive property, and an oscillating member and an 
attachment component are connected and fixed by it by the adhesive strength of 
a reflecting layer. Since a reflecting layer has an adhesive property, it not only 
may confine vibration in the field to the interface of a reflecting layer and an 
attachment component, but it can manufacture composite-material rocking 
equipment easily. Moreover, according to this invention, a property can be 
adjusted over the large range by adjusting the quality of the material of the 
reflecting layer which has an adhesive property. 
[0021] 

The composite-material rocking equipment concerning this invention is 
characterized by adjusting the property by the property adjustment approach of 



this invention. 

moreover, on another large aspect of affairs of the composite-material rocking 
equipment concerning this invention The oscillating member which consists of an 
ingredient which has the 1st acoustic-impedance value Z1, and serves as an 
oscillating generation source, The reflecting layer which consisted of an 
ingredient which has the 2nd acoustic-impedance value Z2 lower than the 1st 
acoustic-impedance value Z1, and was connected with the oscillating member, It 
consists of an ingredient which has the 3rd bigger acoustic-impedance value Z3 
than said 2nd acoustic-impedance value Z2. It has the attachment component 
connected with the side with which said oscillating member of said reflecting 
layer is connected in the opposite side. It is constituted so that vibration spread 
from the oscillating member to the reflecting layer in the interface of a reflecting 
layer and an attachment component may be reflected, and the composite- 
material rocking equipment characterized by preparing an opening in said 
reflecting layer is offered. 
[0022] 

On still more nearly another large aspect of affairs of the composite-material 
rocking equipment concerning this invention The oscillating member which 
consists of an ingredient which has the 1st acoustic-impedance value Z1 , and 
serves as an oscillating generation source, The reflecting layer which consisted 
of an ingredient which has the 2nd acoustic-impedance value Z2 lower than the 
1st acoustic-impedance value Z1 , and was connected with the oscillating 
member, It consists of an ingredient which has the 3rd bigger acoustic- 
impedance value Z3 than said 2nd acoustic-impedance value Z2. It has the 
attachment component connected with the side with which said oscillating 
member of said reflecting layer is connected in the opposite side. It is constituted 
so that vibration spread from the oscillating member to the reflecting layer in the 
interface of a reflecting layer and an attachment component may be reflected, 
and the composite-material rocking equipment characterized by making said 
reflecting layer contain a particulate matter in the air is offered. 



[0023] 

Moreover, a reflecting layer is preferably constituted from the composite-material 
rocking equipment which has the reflecting layer mentioned above by the 
ingredient which has an adhesive property. 
[0024] 

[Embodiment of the Invention] 

Hereafter, this invention is clarified by explaining the concrete example of this 

invention, referring to a drawing. 

[0025] 

Drawing 1 is the decomposition perspective view of the composite-material 
rocking equipment concerning the 1st example of this invention, and drawing 2 is 
the perspective view showing an appearance. 

In the composite-material rocking equipment 1 of this example, the piezo 
resonator 2 as an oscillating member is used. The piezo resonator 2 is 
constituted using the ceramic plate which consists of titanic-acid lead zirconate 
system electrostrictive ceramics which has a rectangle tabular configuration. 
Polarization processing of this ceramic plate is carried out in the thickness 
direction. Moreover, the excitation electrode 1 1 is formed in the center of a top 
face of a ceramic plate. Although not illustrated in drawing 1 , the excitation 
electrode is formed also in the center of an inferior surface of tongue. The 
excitation electrode 1 1 is electrically connected to drawer electrode 11a formed 
so that it might result in one end face of a ceramic plate. The excitation electrode 
is connected to the drawer electrode which results in the another side end face of 
a ceramic plate also on the inferior surface of tongue of a ceramic plate. 
[0026] 

By impressing alternating voltage between the excitation electrode 1 1 and an 
excitation electrode at the bottom, a piezo resonator 2 is excited in thickness 
longitudinal-oscillation mode. In addition, the acoustic-impedance value Z1 of a 
ceramic plate is 18.8x106 N-s-m -3. 
[0027] 



The laminating of the 1st and 2nd reflecting layer 3 and 4 is carried out to the top 
face and inferior surface of tongue of a piezo resonator 2. The laminating of the 
1st and 2nd attachment component 5 and 6 is carried out to the field where the 
lateral surface 2 of reflecting layers 3 and 4, i.e., a piezo resonator, is connected 
in the field of the opposite side. It is a liquid before use and the ingredient which 
constitutes reflecting layers 3 and 4 is an adhesive ingredient solidified by 
desiccation, a chemical reaction, etc. 
[0028] 

In this example, reflecting layers 3 and 4 are constituted by epoxy system 
adhesives, and, more specifically, the acoustic impedance Z2 after the hardening 
is 1.2x106 N-s-m -3. Moreover, the hauling shear adhesive strength in the 
ordinary temperature after hardening of reflecting layers 3 and 4 is two or more 
[ 1N //mm ]. Therefore, attachment components 5 and 6 are firmly joined to the 
piezo resonator 2 using the adhesive strength of reflecting layers 3 and 4. 
[0029] 

Attachment components 5 and 6 are constituted from this example by the 
ceramics, and the acoustic-impedance value Z3 is 18.8x106 N-s-m -3. 
In addition, attachment components 5 and 6 are constituted by the ceramic plate 
which has a rectangle tabular configuration. The capacity electrodes 12 and 13 of 
a pair are formed in the top face of the downward attachment component 6. The 
capacity electrode (not shown) is formed in the center of an inferior surface of 
tongue of an attachment component 6 so that it may counter through the capacity 
electrodes 12 and 13 and an attachment component 6. The capacitor is 
constituted by the attachment component 6 with the capacity electrodes 12 and 
13 and a capacity electrode at the bottom. 
[0030] 

The external electrode 14 shown in drawing 2 is formed in one end face of the 
layered product which comes to carry out the laminating of each part material 
shown in drawing 1 . Moreover, the external electrode 15 is formed also in the 
another side end face of a layered product. The external electrodes 14 and 15 



are electrically connected to the excitation electrode 1 1 of a piezo resonator 2, 

and the excitation electrode at the bottom, respectively. 

[0031] 

Moreover, the external electrodes 14 and 15 are electrically connected to the 
capacity electrodes 12 and 13, respectively. 

Therefore, composite-material rocking equipment 1 operates as a capacity built- 
in piezo-electricity radiator of 3 terminal molds by connecting with the external 
electrodes 14 and 15, the capacity electrode formed in the inferior surface of 
tongue of an attachment component 6, and the exterior electrically. 
[0032] 

In the composite-material rocking equipment 1 of this example, attachment 
components 5 and 6 are connected with the side which the 1st and 2nd reflecting 
layer 3 and 4 is connected with the top face and inferior surface of tongue of a 
piezo resonator 2 as an oscillating member, and is connected with the piezo 
resonator 2 of each reflecting layers 3 and 4 in the field of the opposite side. 
Therefore, the cavity for not barring vibration of a piezo resonator 2 is not formed. 
Therefore, since it is not necessary to form a cavity, a miniaturization and 
reduction of cost can be achieved. 
[0033] 

A cavity can be omitted because the acoustic-impedance value Z2 of reflecting 
layers 3 and 4 is smaller than the acoustic-impedance values Z1 and Z3 of the 
ingredient which constitutes a piezo resonator 2 and attachment components 5 
and 6. This is explained with reference to drawing 3 . 
[0034] 

Drawing 3 is the following conditions and is drawing showing the result of having 
analyzed displacement distribution of the vibration at the time of the actuation at 
the time of producing composite-material rocking equipment 1 with the finite 
element method. In addition, in drawing 3 , one side is shown in schematic 
drawing from the location of the longitudinal section of the above-mentioned 
composite-material rocking equipment 1, and the core. An alternate long and 



short dash line A shows the center line which intersects perpendicularly with the 

longitudinal section. 

[0035] 

In searching for this displacement distribution, the dimension of a piezo resonator 
2 was made into the thickness of 0.13mm with the phi2.0mm disk, and the path 
of the excitation electrode 1 1 could be 0.8mm. The resonance frequency of a 
piezo resonator 2 is 1 6.0MHz. 
[0036] 

Moreover, reflecting layers 3 and 4 and the flat-surface configuration of 
attachment components 5 and 6 presupposed that it is the same as that of a 
piezo resonator 2. The thickness of reflecting layers 3 and 4 set thickness of 
0.038mm and attachment components 5 and 6 to 0.65mm. 
[0037] 

Although reflecting layers 3 and 4 are also displaced when a piezo resonator 2 
drives and a variation rate arises in a piezo resonator 2, with the composite- 
material rocking equipment 1 of this example, it turns out that attachment 
components 5 and 6 are hardly displaced, so that clearly from drawing 3 . This is 
because vibration spread from the piezo resonator 2 to reflecting layer 3 and 4 
side is reflected by the interface of reflecting layers 3 and 4 and attachment 
components 5 and 6 with the relation of the above-mentioned acoustic- 
impedance values Z1-Z3. 
[0038] 

Moreover, when the resonance frequency of the composite-material rocking 
equipment 1 obtained as mentioned above is measured, it is 16.1 MHz, and it 
hardly changed to the resonance frequency of the support of a piezo resonator 2. 
[0039] 

Therefore, even if it is the case where the cavity for not barring vibration of a 
piezo resonator 2 is not prepared, in this example, it turns out that the resonance 
characteristic equivalent to the resonance characteristic of piezo-resonator 2 
support can be realized. 



[0040] 

Moreover, the invention-in-this-application person changed various ingredients 
which constitute a reflecting layer so that various ingredients which constitute the 
above-mentioned reflecting layers 3 and 4 might be changed, namely, the 
temperature characteristics of the Young's modulus of reflecting layers 3 and 4 
might differ variously, and he evaluated the temperature characteristic of the 
resonance frequency of composite-material rocking equipment 1. A result is 
shown in drawing 4 . Moreover, the resonance frequency temperature 
characteristic of the piezo resonator used by this evaluation is 40 ppm/degree C. 
Therefore, when the Young's modulus temperature characteristic of a reflecting 
layer is 0, the resonance frequency temperature characteristic of a piezo 
resonator is shown in 40 ppm/degree C. 
[0041] 

By changing the temperature characteristic of the Young's modulus of the 
ingredient which constitutes reflecting layers 3 and 4 shows that the temperature 
characteristic of the resonance frequency of composite-material rocking 
equipment 1 may be changed so that clearly from drawing 4 . 
[0042] 

Moreover, in composite-material rocking equipment 1, the invention-in-this- 
application person found out that the property of composite-material rocking 
equipment 1 could be adjusted, when establishing the cavity in a part of reflecting 
layers 3 and 4. Drawing 5 is the mimetic diagram which analyzed displacement 
distribution of the composite-material rocking equipment 1 with which such a 
cavity was prepared with the finite element method. With this structure, the 
cavities 3a and 4a as an opening are formed in a reflecting layer 3 and 4. Here, 
Cavities 3a and 4a are formed in a reflecting layer 3 and 4 so that Cavities 3a 
and 4a may touch the excitation electrodes 1 1 and 1 1A in composite-material 
rocking equipment 1. Moreover, thickness of Cavities 3a and 4a is made the 
same as that of reflecting layers 3 and 4. The rate to area in case the cavity is 
not prepared in the reflecting layers 3 and 4 of the area of these cavities 3a and 



4a was made into the void (%), various the above-mentioned voids were 
changed, and the fractional band width of composite-material rocking equipment 
was measured. A result is shown in drawing 6 . 
[0043] 

It turns out that fractional band width becomes large, so that from drawing 6 and 
a void becomes high. Therefore, when a cavity is established in the above- 
mentioned reflecting layers 3 and 4, by adjusting the magnitude of the cavity 
shows that properties, such as fractional band width, can be adjusted. 
[0044] 

Moreover, in the composite-material rocking equipment 1 whose temperature 
characteristic of the resonance frequency of the composite-material rocking 
equipment 1 at the time of not preparing the above-mentioned cavity is -3 
ppm/degree C, the invention-in-this-application person fixed the Young's modulus 
temperature characteristic of reflecting layers 3 and 4 in degree C and -2000 
ppm /, changed various the above-mentioned voids, and various composite- 
material rocking equipment was produced. Relation with the resonance 
frequency temperature characteristic is shown for the void in these composite- 
material rocking equipment in drawing 7 . 
[0045] 

It turns out that the temperature characteristic of resonance frequency becomes 
large, so that from drawing 7 and a void becomes large by adjusting the above- 
mentioned void. Therefore, by changing the above-mentioned void shows that 
the temperature characteristic of resonance frequency can also be adjusted. 
[0046] 

As mentioned above, it not only adjusts the Young's modulus temperature 
characteristic, a void, etc. of a reflecting layer, but it can adjust the property of 
composite-material rocking equipment 1 by adjusting the quality of the material of 
reflecting layers 3 and 4 by various approaches. 
[0047] 

As the samples 1-5 of the following table 1 showed, the composite-material 



rocking equipment of sample numbers 1-5 with which the ingredient which 
constitutes the reflecting layers 3 and 4 of composite-material rocking equipment 
1 is chosen was produced. In addition, except the ingredient of reflecting layers 3 
and 4, it is constituted like the example of an experiment mentioned above. 
[0048] 
[Table 1] 







*»w -?* yim z,(xio«n • s • «-*) 


fSp {X!0 J kg/n 3 ) 


t>?* ^(XlSPN/in'O 


CD 




1.67 


1 


0.28 




mmw- a 


1. 35 


0.8 


0.23 


® 




i. 1 


0.78 


0. 16 


@ 




1. 35 


0.7 


0. 2fi 


<D 




0.4 


0.5 


0.03 



[0049] 

As for the sample number 1 , in Table 1, reflecting layers 3 and 4 are constituted 

by epoxy system resin like the above-mentioned example. 

Moreover, it consists of sample numbers 2 and 3 by making the epoxy system 

resin used since a reflecting layer is constituted from a sample number 1 contain 

the granular urethane system resin of a low consistency and low Young's 

modulus rather than the above-mentioned resin, respectively. 

[0050] 

Glass balun or resin balun is distributed in sample numbers 4 and 5 by the resin 

which constitutes the reflecting layer of a sample number 1. 

The acoustic-impedance value Z2 of each reflecting layer of the sample numbers 

1-5 constituted by doing in this way, a consistency rho, and Young's modulus are 

shown by Table 1. 

[0051] 

The relation between the fractional band width of the composite-material rocking 
equipment using each reflecting layer of the above-mentioned sample numbers 
1-5 and the acoustic-impedance value Z2 of a reflecting layer is shown in 



drawing 8 . Moreover, the relation between the acoustic-impedance value Z2 of 
each reflecting layer in case the resonance frequency temperature characteristic 
is -40 ppm/degree C, and the resonance frequency temperature characteristic is 
shown in drawing 9 . 
[0052] 

By using each reflecting layer of the sample numbers 2-5 containing a particulate 
matter or the hollow matter shows that bandwidth and the resonance frequency 
temperature characteristic may be changed compared with the composite- 
material rocking equipment using the reflecting layer of a sample number 1 so 
that clearly from drawing 8 and drawing 9 . 
[0053] 

[Effect of the Invention] 

As mentioned above, by the property adjustment approach of the composite- 
material rocking equipment concerning this invention, by adjusting the quality of 
the material of a reflecting layer shows that various properties, such as the 
frequency temperature characteristic and fractional band width, can be adjusted 
easily. Moreover, in the composite-material rocking equipment obtained by the 
property adjustment approach of this invention, the reflecting layer and the 
attachment component are connected with the oscillating member, vibration 
generated in the oscillating member is reflected by the interface of a reflecting 
layer and an attachment component, and vibrational energy is shut up by the part 
to this interface. Therefore, formation of the required cavity can be lost with the 
conventional piezo-electric resonance components etc., and a miniaturization 
and low-cost-izing of composite-material rocking equipment can be achieved by it. 
[0054] 

In addition, it can connect with the exterior and a machine target using an 
attachment component, without having most effects on the oscillation 
characteristic of an oscillating member, since vibrational energy is shut up by the 
part to the interface of a reflecting layer and an attachment component. 
[Brief Description of the Drawings] 



[Drawing 1] The decomposition perspective view of the composite-material 
rocking equipment concerning the 1st example of this invention. 
[Drawing 2] The perspective view showing the appearance of the composite- 
material rocking equipment concerning the 1st example of this invention. 
[Drawing 3] Typical partial drawing of longitudinal section showing the 
displacement condition of the composite-material rocking equipment of the 1st 
example. 

[Drawing 4] Drawing showing change of the resonance frequency temperature 
characteristic at the time of changing the Young's modulus temperature 
characteristic of a reflecting layer in the composite-material rocking equipment of 
the 1st example. 

[Drawing 5] Typical partial drawing of longitudinal section showing displacement 
distribution of the structure which established space in a part of reflecting layer. 
[Drawing 6] Drawing showing the relation between the void of the reflecting layer 
at the time of establishing a cavity in a part of reflecting layer, and the fractional 
band width of composite-material rocking equipment. 

[Drawing 7] Drawing showing the relation between the void of the reflecting layer 
at the time of establishing a cavity in a part of reflecting layer, and the resonance 
frequency temperature characteristic of composite-material rocking equipment. 
[Drawing 8] Drawing showing the relation of the acoustic-impedance value Z2 of 
the reflecting layer of composite-material rocking equipment and fractional band 
width which constituted the reflecting layer from various ingredients. 
[Drawing 9] Drawing showing the relation of the acoustic-impedance value Z2 of 
the reflecting layer of composite-material rocking equipment and the resonance 
frequency temperature characteristic which constituted the reflecting layer from 
various ingredients. 

[Drawing 10] Drawing of longitudinal section showing the bulk mold acoustic 
wave filter as conventional composite-material rocking equipment. 
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